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RESEARCH MEMORANDUM

A PRELIMINARY WIND-TUNNEL IRVESTIGATION OF
FLUTTER CHARACTERISTICS OF DELTA WINGS

By Robert W. Herr
SUMMARY

Flutter data were obtained in the Langley L.5-foot flutter research
tunnel for three delta-wing models having thelr leading edges swept
back 45°. The tests covered a range of tunnel pressures corresponding
to altitudes from sea level to 78,000 feet.

Two of the models tested fluttered over the range of pressures at
values of the indicated flutter velocity and the flutter frequency which
were essentlally constaent. Cutting off the relatively flexible tips of
these models had only a minor effect upon the flutter velocity. The
indicated flutter velocity and the frequency of the third model varied
greatly with alr density or altitude due to changes in the mode of
flutter. Cuiting off the tip for this case had a pronounced effect upon
the flutter velocity.

The natural vibration modes of these models were found experimentally
and revealed an apprecisble samount of camber hending, especially at the
higher frequencies.

INTRODUCTION

Delta-wing plan forms have recently gained widespread interest as
high-speed plan forms and will undoubtedly attract attention from flutter
analysts. Because of the comparatively recent development of the delta
wing, however, very few experimental flutter data are available. To
provide addlitionsel experimental data for possible corrocboration of a
theoretical analysis, the series of experiments reported herein was
undertaken. :

These experiments were carried out at tunnel pressures corresponding
to an sltitude range from sea level to approximately 78,000 feet in order
to determine the effects of altitude upon the flutter characteristics.

y



o . ey NACA RM L52B1le

A total of 90 flutter tests were performed on three wing models
having leading edges swept back 45°. Two of these models were mounted
as cantilevers while.the third was free to roll. One of the cantilevers
was a flat plate of aluminum of*—constent—thickness while the other two
models were constructed of alumlinum and halsa wood shaped to an NACA
16-004 airfoil in the stream directiom.

It seemed likely that the relatively flexible tips of the models
would have a significent bearing on the flutter speed; conseguently,
upon completion of the flutter. tests of—the basic wing plan forms, the
tests were repeated, first with 0.7 percent of the total wing area (1/12 of -
the spen) cut from the tips and later with 2.8 percent of the area (1/6 of
the span) cut from the tips.

Because of the difficulties, as well as the uncertaintles of cal-
culating the patural vibration modes of delta wings, the modes of each
model were obitained experimentally by using a photographic technique.

SYMBOLS
p density of testing medium, slugs per cubic foot
Po standard density at sea level, 0.002378 slug ﬁer cublc foot
\' flutter velocity, feet per second
Vs indicated flutter velocity, feet per second (V‘/p/po)
M Mach number at flutter
w angular flutter fregquency, radians per second N

natural vibration frequency of wing in the nth mode, radians

n
per second

m massg of wing per unit length, slugs per foot

Icg mass moment of inertls of wing section per foot of span
about 1ts center of gravity, slug-feet

1 length of—semispan model measured normsl to stream direction

f npb2ax
K mass ratio |¥9— .
Mtotal
b semlchord of wing in stream direction
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APPARATUS

Wind tunnel.- The flutter itests were made in the Langley U4.5-foot
flutter resesrch tunnel. This tunnel is of the closed-throat single-
return type in which the pressure may be varied from spproximately
0.5 inch of mercury absolute to atmospheric préésure.

Models.~ One of the three models tested, Ia, was constructed as
shown in figure 1. Model IIa was & full-span model with freedom to roll
about its longitudinal axis. Construction of this model was similar to
that of model Ia. The totel span was 36 inches with each wing protruding
16.5 inches from & 3-inch-diameter simulated fuselage. The thickness
of the 24S-T3 insert was the same as that used in model Ia, namely,

0.020 inch. Model IIIa was & flat plate of 0.102-inch 24S-T3 aluminum
alloy with rounded leading and trailing edges. The plan form was
identical with that of model Is.

During the course of the flutter tests, portions of the tips were
cut from all the models in order to determine the effects of the rela-
tively flexible tips upon the flutter speed. With one-twelfth of the
span cut off, the model designations were changed to Ib, ITb, and IIIb.
Likewise, when one-sixth of the span was removed from the tip, the
designations became Ic, IIc, and IIIc.

Four sets of strain gages were mounted on each wing as shown in
figure 1 for recording the bending and torsional stresses at these points.

DETERMINATTON OF MODEL PARAMETERS

Significant structural parameters that may be‘conveniently used
for a theoretical flutter analysis of & delta wing have not been defi-
nitely established. It is generally believed that an analysis utilizing
some Torm of influence coefficlents would more accurately represent the
problem then an analysis utilizing beam theory. The possibility exists,
however, that use of the slimpler besm theory might result in a reasonably
good. approximation of the flutter speed. Accordingly, some model
parameters were determined that might be useful for each of the methods.

Tebles I and IT give the Influence coefficients for models Ia and
ITIa. These coefficients are given as the deflection in inches per unit
load for easch of the 16 stations on the wing shown in figure 2.

In connection with beam theory, two locl of flexual centers were
obtained for each of the wing models. The first of these locl was
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located by successively applying s concentrated load at various points
along a chord lying in the stream direction until a point was located
which produced no twisting of this chord. This procedure was then
repeated at several spanwise stations untlil enough polnts were obtalned
10 enable the drawing of & smooth curve. The second locus of flexual
centers was found in g similar manner but the chord was considered to be
.normal to the bisector of the tip angle. The loci of flexural centers
so obtained are shown in figure 3. L

Two sectlon centers of gravity were also found for each model. The
sectlon cehters of gravity in the stream direction and normal to the
bisector of the tip sngle for model I were at 49 percent end 48 percent
of the chord, respectively, - for model II, at 48.8 percent and 49.5 per-
cent, respectively. Both centers of gravity of the flat-plate model
were, of course, at 50 percent of the chord.

The variation of mass along the span (chord parallel to the air
stream) for the various models is plotted in figure 4. Alsc plotted is
the variatlon of mass along the bisector of the tip angle, in which case
the chord was considered 16 be normal to this line.

Pigure 5 gives the variation of the mass moment of inertia of the
wing sectlons along the span as well.as along the bisector of the tip
angle. One set of curves shows the mass moments of inertia of the
sections sbout an &xis normal to the sir stream and passing through the
section centers of gravity. The remaining curves are the maess moments
of inertis of the section about an axis parallel to the bisector of the
tip angle and passing through the sectlion centers of gravity.

It should be pointed out that where the span is measured in the
direction of the midchord, the values of center of grsvity, m, and Teg
near the rcot were extrapolated to correspond to values of a fictitious
plan form as shown by the dashed lines in figure 1.

The natural vibration modes of the wings were obtained experimentally
by exciting each of the wings at its natural vibration frequencles and
photographing the wing at the maximum smplitude of the cycle (reference 1).
The resulting amplitudes are plotted in figures 6 to 9. The wings were
exclted by means of a calibrated electronic oscillator driving a magnetic
shaker. Photographs of model IT were not made---It=ppeared, however,
that the wvibration-mode shapes of—this model were very similar to those
of model I.- - T ) '
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The natursl vibration frequencies were recorded while photographing
the natural vibration modes end were as follows:

Model|(radians/sec) | (redians/sec) | (radians/sec)| (radians/sec)|(radians/sec)
Ta 76 358 ko8 710 ° ~ 867
Ib 179 358 Lhko T10 917
Ic 204 364 521 710 973
ITa Yo 855 1010 _ 1561 18ko
ITh b3t 858 1100 .. 1564 1950
IIc b7 . 867 1300 1570 2070
Iila 28.3° . 113 166 _— ————
IiTv 28.3 116 170 —— —
IIIc 28.3 126 176 _— ——

TEST PROCEDURE

Since flutter is generally a destructive phenomenon it 1s necessary
to exercise great care during a flutter test. The tunnel speed was,
therefore, increased slowly during the runs, the ilncreases beilng in
smaller increments as the critical flutter speed was approached. At the
critical flutter speed, the necessary tunnel data were recorded and an
osclllograph record of the flutter frequency was teken. The tunnel speed
was then immediately reduced in order. to preserve the model. A sample
oscillograph record teken at flutter is shown as figure 10.

In these tests, the tunnel was operated at pressures from approxi-
mately atmospheric pressure to 1/25 atmosphere s corresponding to an
altitude range from sea level to approximately 78,000 feet, and at Mach
numbers up to 0.81. The Reynolds number at flutter, based on the chord

at midsemispan, varied from 0.33 x 108 to 4.19 x 106.

Measurements taken during the tests included static pressure, dynamic
pressure, temperature, and the flutter frequency. From these dsta the
density of the testing medium, flutter velocity, mass-ratic parameter,
indicated flutter velocity, flutter fregquency, Mach number, Reynolds
number, and equivalent standard density altltude were computed. These
barameters are complled in tables III, IV, and V.

In order to ascertain whether the models had been demaged or weak-
ened by flutter, oscillograph records were taken before and after each
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run at zero alrspeed with the models excited at their first and second
natural frequencles. 'These frequencles did not change a measurable
emount throughout the series of tests.

RESULTS AND DISCUSSION

Results of flutter tests are given in figures 11, 12, and 13 in
which the indicated flutter velocity Vi, as well as the circular

flutter frequency w, 1s plotted ageinst stamdard density altitude.

Effects of altltude.- As can be seen from figure 11, both the
indicated flutter velocity and the flutter frequency of the flat-plate
models are nearly constant over the range of altitudes from sea level
to “approximately 50,000 feets Above 50,000 feet there is a gradusl
decrease in both the indicated flutter veloclty and flutter frequency.
Thie drop is probably due to the relatively high Mach numbers cbtailned
in this range, M =.0.55 to 0.80. The sbsence of any sbrupt chenge in
the flutter velocity and frequency indicated there was no change in the
mode of flutter.

Unlike the flat-plate models, the results in figure 12 show that
models Ia and Ic fluttered in three different modes over the range of
altitudes from ses level to 78,000 feet while model Ib fluttered in four
different modes. These changes in modé were obvious to the observer
of the flutter tests and are shown in figure 12 wherever there is a
change in the slope of the flutter-speed curves and an abrupt change in
the frequency. o ' o T

It is interesting to.note in figure 12 that at an altitude of _
50,000 feet model Tb Fluttered in two different modes. This phenomenon
was possible because flutter at-the lower velocity was sufficiently mild
that this flutter speed could be exceeded without damage to the model. .

Also in figure 12 are eight-flutter points obtalned from a model (I')
ldentical to model I. Considering the many changes in the flutter
mode, this model fluttered at welocities which were surprisingly close
to those of model I. Due to malfunctioning of the recording oscillograph
the flutter frequencies of model I' were not—obtained. Model I' was
inadvertently fluttered to destruction at a velocity of 433 feet per
second and a pressure altitude of 13,6000 feet: The flutter parsmeters
of this model are included in teble V.

Although the wing construction of the rolling model, II, was quite.
similar to thet of model I, the flutter characteristics (fig. 13)
differed considerably. Model II displayed none of—the many mode changes
with altitude-characteristic of model T but fluttered at an indicated

JdReaEunaeee
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flutter velocity and frequency which were relatively constant over the
entire range of gltitudes. Flutter of the rolling model was in a sym-
metric mode. . '

Effect of cutting off tip.- As can be seen from figures 11l and 13,
cutting off a portion of the wing tips of models III and II had only
small effects on the indicated flutter velocities and frequencies.

Model I, however, reacted somewhat differently. At sea level, (fig. 12)
the relative flutter speeds of the three models (Ia, Ib, and Ic)} were

as would be expected; that is, model Ta, whose tip was quite flexible,
fluttered at the lowest speed, while model Ic, which had one-sixth of
the span cut from the tip, fluttered at the highest speed. The relative
flutter velocities of these three models change with altitude until at
50,000 feet the order is the reverse of that at sea level.

Remarks on theoretical considerations.- Some Indications as to the
problems of performing g theoretical analysis for a delta-wing config-
uration can be cbtalned from an examination of the experimental results.
A comparison of the frequencies at which the models fluttered (figs. 11,
12, and 13) with the frequencies of the natural vibration modes given
previously shows that models IIT and IT fluttered st frequencles which
lay between those of the first and second natural vibration modes.
Model I, however, fluttered at several distinctly different frequencies
which fell at random between the frequencies of the first and fourth
natural modes of the model. Thus a modal type of flutter analyslis of a
delta wing would probebly require four or more degrees of freedom.
Examination of the mode shapes of the three models at the higher fre-
quencies (figs. 6 to 9), however, shows large distortions of the airfoil
camber line at these frequencies. It would thus seem that appreciable
error might be introduced by the use of s structural representation of
wings of very low aspect ratio which considers only the deflections of
the locus of flexural centers. A more sppropriate spproach tc the prob-
lem which could account in some degree for the camber bending would be
the utilization of influence coefficients at several chordwlise and span-
wise posltions such as those given for the present models in tables I
and IT.

Although, as discussed previously, a modal anslysis neglects some
factors, such an analysis of the Raleigh-Ritz type was made for model T
to determine if the error would be important. The calculatlions were
mede with the assumption of two-dimensional sir flow and three degrees
of freedom. It is realized that the use of two-dimensional air forces
is not realistic for such low-aspect-ratio wings and certainly contrib-
uted to the fact that the calculated flutter velocities were only 40O
to 60 percent of the experimental velues. These results were obtained
with the assumption of the chord to be parallel to the air stream. The
error was reduced only slightly by assuming the chord to be normal to
the bisector of the tip angle. On the basis of these results, 1t sppears

S o A——
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that a theoretical flutter analysis of s delts wing should take into
account. the camber bending found at the higher frequencies and should
utllize three-dimensional air forces. ’

CONCLUDING REMARKS

The results of 90 wind-tunnel flutter tests carried out on three
delta-wing models for a range of tunnel pressures corresponding to
altitudes from sea level to 78,000 feet-have been presented. Two of the
models tested fluttered over the range of pressures at—values of the
indicated flutter wvelocility and the flutter frequency which were essen-
tially constant. Cutting off the relatively flexible tips of these
models had only & minor effect upon the flutter velocity. The indicated
flutter veloclity and the frequency of the third model varied greatly
with the altlitude or alr density due to changes in the mode of flutter.
Cutting off the tip for this case had a pronounced effect upon the
flutter velocity.

Comparison of the flutter frequencies of the models with the fre-
guencies of the naturel modes of—vibration showed that one- of the models
fiuttered at several distlnctly different frequenciles which fell at
random between the frequencles of the first and fourth natural modes of
this model. Thus, 1t appears that—a theoretical analysis for this type
of configuration should be able to represent at least the mode shapes of
the first four degrees of freedom. Further, since photographs of the
modelg vitrating at their natural frequencies showed large distortion
of the camber line at the higher frequenciles, the method of analysis
should be able to represent the mode shapes in the chordwise as well as
the spanwlse directions.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- INFLUENCE COEFFLCIENTS FOR MODEL Ta
[alues given fn (in./1b)203

%iﬁ; AL | BL | €1 | A2 | B2 | C2 | A3 | B3 | ©3 | A4| BM| O4] A5| B5| C5| B6
Al [9.k0

Bl | .21}1.60

cl 0 .15 | 5.60

A2 [7.60|1.20 | .01 [26.0

pe | .70l2.70| .44 |s.00| 5.2

c2| ¢ |1.73]3.50| .35| 5.0]17.0

A3 |B.20|2.05 | .17 2k.0 | 11.2| 2.9 |68.0

B3 |1.50 | 4.00 | . |10.0| 0.0 8.1|28.0]26.0

¢3| .23]3.30 [1.70]2.50| 10.8| 21,0 | 12.0 | 28.0 {50.0

A% |3.40 | 3,50 | .u®| 18,0 15.8| 6,8 165.0|L46.5 | 25.0 |12

b 12,15 kb0 {1,110 [ 4.0 | 140} 10.5 | 46,5 40,0 | 38.5 | 83| &9

ok [1.,24 | %.00 |1.60(7.70]17.0|15.0 | 30,0 k7.0 |59.0 | 62 | &3 |116

A5 {3.30 | #.00| .76|15.5| 18.5(10,2 |62.0 [58.0 |36.5 |130 | 111 | 91| 270

B5 | 2.65| 4.60 | 1,21 | 16,5 | 16.6 [11.5 | 54,0 | 53.0 | U5.0 |107 | 115 | 106 | 205 | 225

05 {1.60 | .40 | 1,50 | 14,5 [ 16.2 | 11.5 |49.0 [51.0 [60.0 | 79 {113 [143 | 160 | 185 | 24o

B6 | 3.00 | 4,60 |1.20 | 16.0 | 19.0 | 12.5 | 60,0 | 62.0 (47.0 {130 |135 {116 | 310 | 265 | 260 |K10
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TABLE II.-~ INFLUENCE COEFFICIENTS FOR WODEL IIla
Yalues given in (in./lb)lf)z]'

falm (s o) | B2 ga | a3] B3| 03| aw| Bu| ck| A5| B5| 5 86

Al |7.52

Bl | 3.22 |6.32

61 | 1.58 | 3.97 | 10.2

A2 11,6 | 14,1 |12.9 | 5.2

B2 | €.19 | 13.4 [17.5 | 53.6 | 63.4

c2|6.20|12.1 | 22.8 | U9.0|67.5| BT

A% | 12.8(19.% | 24.8 | 83.5(97.1 | 167 {179

B3| 11.1|17.7 | 26.7| 77.9|97.8 | 118 186 | 197

¢319.99 | 17.2 | 29.4 | 73.5 | 98.5 | 129 | 190 | 210 | 233

a1 13,1 20.7 | 31.0( 86.5 [ 115 | 138 | 217 | 241 | 259 | 32k

g4 | 11.719.5 | 30.5]| 85.9 | 110 | 138 | 208 | 237 256 | 331 | 331

ok | 10,9 | 14.28 | 31.5| 83.3 | 114 | 145 212 | 2l5 | 276 | 345 | 34k 376

A5 | 13,0 20.5 | 32,8 | 9%.0 | 120 | 150 | 232 | 263 28k | 362 | 376 | 396 | b42 B -

55| 12.5 | 21.0 | 33.9| 93.2 | 119 | 152 | 232 | 26k | 288 | 363 376 | 400 | 453 | #53

5] 12.6 ] 19.% | 33.1] 90.1 | 116 | 149 | 228 | 265 | 291 | 357 | 384 hob | 470 | 45k | 480

B6 | 12.2 | 20,4 | 32.3|91.9 | 119 | 153|235 | 267|296 | 367 | 391 b5 | 466 | 481 | 502 | 539
NAGH

ot
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TABLE IXT. EXPERTMERTAL DATA FOR MODEL ITT

v Taest g:amj!.:ryd
p v [0} Mach i ns

Hodel (Bluge/cu £1) Yk (fps) (radians/=ec) nuthar (£pa) R:ﬁi':ﬂ alz:-;.:;de

0.002408 3.5k 252 9.8 0.229 251 2.15 x 106 0

001980 3.90 267 9.4 241 243 2.13 6,100

001541 Lo 296 9h.8 268 238 1.8k 14,100

001156 5,10 337 93.0 305 235 1.57 20,700

TITs -000927 5.70 360 9%.1 .345 238 1.ke £8,900

.000578 7.00 481, 93.0 138 238 1.12 o, 200

-000365 9.01 J 5% 8.5 545 233 .878 49,800

»000239 11.2p e 79.8 .660: 207 691 59,000

+000165 13.47 793 64.1 135 208 .528 66,400

00014k 1h.45 812 57.8 T30 199 i) 69,200

00230k 3,58 249 gh.2 .223 oh§ 2.3k " 8oo

.001916 3.95 268 gh.2 Lo | 2l 2.07 7,200

.001522 kb3 309 1.1 278 248 1.0 14,500

.001115 .19 365 96.7 .324 2hg 1.64 23,700

11Th 000619 6.95 483 88.0 437 ohé i.21 38,700

000460 8.06 548 84.0 498 ok 1.02 45,000

.000341 9.36 628 81.6 573 238 865 51,000

.000251 10.95 723 5.0 665 235 733 58,000

.000163 13.55 Bak 63.0 167 216 .5he 66,600

.002324 3.54 2508 99.2 .232 255 e.ke 8oo

.001920 3.90 283 98.6 255 25k 2.19 7,100

.001530 .36 310 97.4 279 2lg 1.91 14,300

.001141 5.06 359 95.5 32k 29 1.65 23,100

ITta 000764 6.19 ko 5.5 399 alg 1.36 34,000

-000580 7.10 S04 89.2 A58 249 1.18 ho,100

.000L415 8.35 568 89.2 536 ks .995 46,500

. 000260 10.60 T26 86.6 .668 2la .T62 57,200

.000185 12.60 830 67.2 769 230 .537 6,200

.000154 13.80 863 67.0 .800 220 .537 68,000

BHTESST W VOVN
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TABLE YV. EXPERTMENTAL DATA FOR MODEL T

Standard
) ‘/ v Mach dengity
Hodel (alugs/eu £4t) n (2ps) nunber a.l?j,t;;d,.
: | ' 1t
0.002319 2.60 33k 0.30L 3.13 800
-00165k .08 2l .387 2.83 11,800
001159 4,68 51k 470 2,h0 22,800
.000837 k.33 589 .5 1.? 31,700+
Ia -000392 513 &98 .6ho 1.67 39,700
000L95 5.87 ™3 1600 1.3 k5,200
-000324 6.97 763 +T00 998 52,300
. 000285 7.43 e TR0 899 ,000
.000216 8.53 ok .Tho 7ol 0,700
000181 9.32 806 .Tho .58 €k, 000
000154 10.08 843 TR, 518 67,500
002203 2.66 W 336 3.8 2,600
.001832 2.93 378 .33 2.80 8,600
.001439 3.31 358 ) 2.31 16,200
001070 1.83 b33 384 1.87 25,000
-000TTO N5 %33 g 1.5 33,700
000619 5.02 5le sk 1.28 38,800
-000310 Hed 57 86 1.13 42,800
b -000432 6.02 5Ba 323 1.03 56,200
.000368 s.gi %g % .gnlf : 3'?38
-00p291 . . . ’
+000365 6.55 &10 .62 .58 59,800
000314 7.06 é13 630 895 52,500
0002153 8.22 % 67 579 58,150
000209 8. gl .588 61,250
000136 10.7h %3 50k .ho§ 70,000
000095 12.84 859 .330 T7,500
002053 2.7Th 506 Ly h.19 5,000
001902 2.84 "o Loy h.03 T,h00
001652 3.05 539 502 . 12,000
.001305 3.kk 567 .12 2.9 19,200
- 000550 3.95 B1 D02 5.32 27,200
e - 000763 h.50 513 516 177 33,900
. h.98 577 e 1.5 38, koo
000581 5.66 589 734 1.14 ki, 100
. 000390 6.28 &op W37 ~SFT 71,500
000316 7.00 619 561 . 53,100
+ 000261, 7.6 &0 596 ,900
.000198 8.03 664 .608 ,500
000125 1.10 829 7T 72,000

BHTESGT W VOVN




'TABLE V.- EXFERIMENTAL DATA FCR MOLEL II AND I!

p II_/'T v @ Mach Vi
Hod=l {elugs/cu £t) . (fpe) (radians/sec) nuber (fpse)

0.002105 3.61 hob 75k 0.355 33 1.575

.00LTTO 3.93 43l 729 .380 374 1.h1

T .001363 k.48 478 o g 362 ©1.20

a .001027 5.17 540 716 erh 355 1.02

000546 6.51 623 T 685 . 551 326 .Th
-000460 7.72 696 672 619 307 -588
000317 9.31 T84 660 .T02 286 457

.002250 3.18 hot T60 .362 395 1.83

.001833 3.84 hhy3 _ 754 ' -394 389 1.63

.001h29 k.35 hah T48 130 3P 1.39

001039 %5.10 551 735 Jign, 364 1.13

Iib 000861 5.62 591 729 586 356 1.02
000658 6.37 648 723 576 343 867
000480 7.50 730 110 .650 329 +.703
.000361 8.66 o8 691 Tk 311 .578

002121 3.53 399 803 .348 37T 1.8%

001696 3.85 N 817 3690 377 1.65

I 001347 L.k g 810 k30 310 144

¢ .000985 5.19 570 798 501 367 1.22
000630 6.46 701 792 Lo 361 .959
000448 7.67 811 85 728 352 .T9%0

002340 .60 7k ? .3k0 31 3.5

. 001651 3.09 k2o .390 358 2.8%

In! 001156 3.69 504 k58 352 2.34
.000841 4.33 607 553 361 2.05 .

-000597 5.17 718 658 359 1.72

.000381 6.13 791 .T32 317 1.21

IQ' -00%33 2-6”'- h’93 : V/ ')l‘ll'ﬁ h'T? 5'17

.001569 3.15 53 g2 433 3.91

FHTERSCT W VOVN
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Figure 1.- Plaen and cross-sectional views of model Ia.
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Figure 2.- Location of points at which influence coefficients were measured.
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Figure 3.- Loci of flexural centers.
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Figure 4.~ Variation of mass m with apan.
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(a) First natural vibration mode, w = 176 radians per second.

Figure 6.~ Natural vibration modes of model Ia.
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(b) Second natural vibration mode, a, = 358 radians per second.

Figure 6.- Continued.
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(c) Third natural vibration mode, ®3 = 408 radians per second.

Figure 6.~ Continued.
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(d) Fourth natural vibration mode, @, = 710 radians per second.

Flgure 6.- Continued.
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(e) Fifth natural vibration mode, w5 = 867 radians per second.

Figure 6.- Concluded.
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(a) First natural vibration mode s Uy = 179 radians per second.

Figure 7.- Natural vibration modee of model Ih.
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(b) Second natural vibration mode, a5 = 358 radians per second.

Figure T.- Concluded.
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(b) Second natural vibration ﬁode, W = 364 radians per second.

Figure 8.- Continued.
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(c) Third naturel vibration mode, @3 = 321 redians per second. .

Figure 8.- Concluded.
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(a) First natural vibration mode, ay = 28.3 redians per second,

Figure 9.- Natural vibration modes of model IIIc.
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(b) Second natural vibration mode, Wy = 126 redians per second.

Flgure G.- Continued.
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(c) Third natural vibration mode, w3 = 176 radians per second.

Flgure 9.— Concluded.
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Figure 10.- Sample oscillograph record. Model Ib at flutter.
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Figure 1l.- Variation of indicated flutter velocity and circular flutter
frequency with altitude; model ITI.
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Figure 12.- Varlation of indicated flutter velocity and clrcular flutter !
frequency with sltitude; model I.
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